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Prostate cancer disparities have been reported in men of African
descent who show the highest incidence, mortality, compared with
other ethnic groups. Few studies have explored the genetic and
environmental factors for prostate cancer in men of African an-
cestry. The glutathione-S-transferases family conjugates carcino-
gens before their excretion and is expressed in prostate tissue.
This study addressed the role of GSTM1 and GSTT1 deletions
on prostate cancer risk in populations of African descent. This
multi-institutional case–control study gathered data from the Ge-
netic Susceptibility to Environmental Carcinogens (GSEC) data-
base, the African-Caribbean Cancer Consortium (AC3) and Men
of African Descent and Carcinoma of the Prostate Consortium
(MADCaP). The analysis included 10 studies (1715 cases and 2363
controls), five in African-Americans, three in African-Caribbean
and two in African men. Both the GSTM1 and the GSTT1 dele-
tions showed significant inverse associations with prostate cancer
[odds ratio (OR): 0.90, 95% confidence interval (CI) 0.83–0.97
and OR 0.88, 95% CI: 0.82–0.96, respectively]. The association
was restricted to Caribbean and African populations. A signifi-
cant positive association was observed between GSTM1 deletion
and prostate cancer in smokers in African-American studies (OR:
1.28, 95% CI: 1.01–1.56), whereas a reduced risk was observed in
never-smokers (OR: 0.66, 95% CI: 0.46–0.95). The risk of pros-
tate cancer increased across quartiles of pack-years among sub-
jects carrying the deletion of GSTM1 but not among subjects

carrying a functional GSTM1. Gene–environment interaction
between smoking and GSTM1 may be involved in the etiology of
prostate cancer in populations of African descent.

Introduction

Prostate cancer is a major global public health problem that dispro-
portionately affects individuals of African ancestry, more than their
white and Asian counterparts (1). An incidence rate of 156.7 per
100 000 and a mortality rate of 24.6 per 100 000 men was observed
for whites in the USA between 2001 and 2007 (2). In the African-
American population, the incidence rate was 248.5 per 100 000 and
mortality rate of 59.4 per 100 000, i.e. almost 1.6-fold greater in-
cidence and 2.4-fold greater mortality than that of the white popula-
tion (2). Studies have shown that in other populations of African
descent, the risk of developing prostate cancer is also relatively high
when compared with other races (3,4). It is only recently that preva-
lence, incidence and mortality rate data on populations of African
descent have emerged from outside the USA. Prostate cancer inciden-
ces are higher in black Caribbean, black African and other blacks
compared with mixed white and African, mixed white and Caribbean,
Pakistani and ‘all white’ men in the United Kingdom, respectively
(5–7). These individuals of African descent live in diverse surround-
ings around the world, but still have in common an increased risk of
developing prostate cancer, but less is known about risk of native
Africans; this suggests that some genetic factors and/or lifestyle
factors such as cigarette smoking and/or diet interacting with a specific
genetic makeup may contribute to the elevated risk.

Polymorphisms in genes responsible for the metabolism of environ-
mental and endogenous carcinogens could be associated with prostate
cancer and thus, these polymorphisms could be used as biomarkers for
identifying men at risk for prostate cancer (8). One of the most prom-
ising candidates is the glutathione S-transferases (GSTs) family, a group
of phase II detoxifying enzymes that catalyze reactions taking place
between the cytosolic glutathione and electrophilic compounds (9).
GSTs are expressed in prostate tissue; thus, the lack of activity could
lead to local accumulation of toxic compounds (10). For two of
these genes, GSTM1 (GenBank: BC024005.2) and GSTT1 (GenBank:
BC007065.1), a complete deletion of the gene eliminates the gene
function, thus leading to the inability to eliminate electrophilic carci-
nogens as efficiently. Although the GST family has the general task of
detoxification through conjugation, each GST is specialized in specific
substrates; GSTM1 seems to be directly implicated in DNA adduct
formation caused by benzo(a)pyrene, the main component of cigarette
smoke (11). On the other hand, GSTT1 is involved in conjugating small-
er molecules, such as epoxides (12), thus being involved in oxidative
processes such as those caused by inflammation. Although the predom-
inant role of GSTs is the conjugation of reactive metabolites, they may
also be involved in producing reactive derivatives from the metabolism
of certain chemicals, such as dichloromethane and other halogenated
alkanes (13). Thus, the final direction of the effect on carcinogenesis, as
well as the strength of the effect, if any, is difficult to predict.

The relationship between GST deletions and prostate cancer has
been studied previously; however, most published results are limited
to white populations. A previous meta-analysis (14) suggested an in-
verse association between GSTM1 and GSTT1 deletion and prostate
cancer in men of African descent; however, only two studies were
published at that time, making it impossible to draw firm conclusions.

We present here data on GSTM1 and GSTT1 gene deletion and pros-
tate cancer in individuals of African ancestry in the largest existing

Abbreviations: AC3, African-Caribbean Cancer Consortium; CI, confidence
interval; GSEC, Genetic Susceptibility to Environmental Carcinogens study;
GST, glutathione-S-transferase; OR, odds ratio.
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multi-institutional case–control study, in an attempt to shed light on
susceptibility factors and gene–environment interaction in these men.

Materials and methods

Medline search of published studies

To make this study as inclusive as possible, a PubMed search was conducted to
identify case–control studies of prostate cancer conducted on men of African
ancestry and published before October 23 2010. The search strategy used
was (prostate) AND (cancer OR neoplasms OR tumour� OR tumour� OR
carcinoma� OR carcinogenesis) AND (‘glutathione transferase’ OR ‘glutathi-
one s transferase’ OR ‘glutathione S-transferase’ OR GSTM1 OR GSTT1). This
literature search led to the identification of 449 abstracts, which were system-
atically reviewed. Inclusion/exclusion of abstracts and their respective studies
were made for the PubMed search based on pre-established selection criteria.
These inclusion criteria were (i) association studies on GSTM1 and GSTT1 and
prostate cancer; (ii) case–control studies and (iii) studies that included African,
African-American or African-Caribbean individuals. The exclusion criteria
were (i) studies including only cases or only controls and (ii) studies with
patients that overlapped. In the latter case, i.e. studies that partially included
the same population, only the most recent updated study was retained. Nine-
teen articles were identified for further consideration after title screening. The
abstracts and full text of these articles were read to determine whether they met
the inclusion/exclusion criteria. Two articles were excluded for not having
individuals of African descent in the sample (15,16), six for using GST poly-
morphisms not under study (17–22) and three for not being case–control stud-
ies (23–25). Another was excluded because the study subjects included
controls only (26). Studies with fewer than 10 cases or controls were excluded
(27), but the authors were contacted to verify if more data were available, prior
to exclusion. This left five studies identified in the PubMed search (28–32); of
these, two papers had overlapping data thus constituting one data set (30,31),
bringing the number of potential data sets that could be involved in the present
effort to four, for a total of 402 cases and 888 controls.

Data collection

A multi-institutional case–control study of prostate cancer in individuals of
African descent and GSTM1 and GSTT1 was conducted under the partnership
of the Genetic Susceptibility to Environmental Carcinogens study (GSEC,
www.gsec.net) and the African-Caribbean Cancer Consortium (AC3, www.ac-
ca-consortium.org) (33), which constituted the GSEC-AC3 consortium. Studies
identified through the Medline search were sought by sending a formal in-
vitation to the senior authors of the papers asking to join the GSEC-AC3
consortium and share their data set according to the well-established rules
and policies of the GSEC study (34). Members of the African-Caribbean
Cancer Consortium with ongoing prostate cancer studies that include black
men were invited to contribute their data to the GSEC-AC3 database; in addi-
tion, a list of prostate cancer researchers was obtained from the Men of African
Descent and Carcinoma of the Prostate Consortium (MADCaP), consisting of
92 investigators who were also invited to participate in the study and to con-
tribute data to the GSEC-AC3 database.

The final analysis thus included 10 data sets, 4 of which were previously
published and identified through Medline (28,29,30–32), for a total of 1715
cases and 2363 controls.

Covariate assessment

Smokers were defined as those subjects who smoke at least 100 cigarettes in their
lifetime. Smoking status was defined in the individual studies as never-, ex,
current or as never- and ever smokers. In order to make the various data sets
comparable, smoking status was reclassified as never- and ever smokers, with the
latter category including ex and current smokers. Gleason score was available in
7 of the 10 data sets and was classified as a discrete number (categorized as � 7
versus . 7). Self-reported height and weight were used to calculate body mass
index as kilograms per square meter. Smoking dose is reported in pack-years and
is categorized in quartiles of distribution among controls. Race was self-reported
in all studies and was defined as African-American, African or African-
Caribbean. Age was grouped into quartiles of the distribution in the studied
population.

Laboratory methods

The GSTM1 and GSTT1 deletions were detected by polymerase chain reaction for
the presence or absence of bands at 480 and 215 bp, respectively. The polymerase
chain reaction products were analyzed by 2% agarose gel electrophoresis stained
with ethidium bromide (10 mg/ml). An extra set of primer were included in the
multiplex as an internal control leading to an amplification of a 268 bp band.

In the Lavender population (32), GSTM1 and GSTT1 deletions were identified
using TaqMan� Copy Number assays (Applied Biosystems, Foster City, CA).

These predesigned assays include primers and probes that are able detect the
GST genes deletions as well as a reference sequence known to be present in
two copies in a diploid genome. This method of relative quantitation is used to
determine the relative copy number of the target of interest in a gDNA sample,
normalized to the known copy number of the reference sequence.

Statistical analysis

All statistical analyses were carried out using STATA SE (version 8.0 and
version 10.0) software (StataCorp LP, College Station, TX). For each gene,
crude odds ratios (ORs) for the association with prostate cancer were calcu-
lated. Summary ORs were adjusted for study, age and smoking status using
multivariable logistic regression models. The crude and adjusted ORs were
also calculated for each gene polymorphism stratified by smoking status and
race. In addition, the association between prostate cancer and smoking was
assessed according to genotype status.

Interactions between GST genotypes and ethnicity across levels of smoking
status were assessed and tested with multiparameter Wald tests.

The association between prostate cancer and the combined GSTM1–GSTT1
genotype was also performed; the reference group was constituted of subjects
carrying both functional genes, then categories were created of subjects with
one GST functional and the other deleted, finally a category with subjects
carrying both genes deletion.

Data on benign prostate hyperplasia in controls were received from the
investigators but excluded from the present analysis. Statistical heterogeneity
between and within groups was tested using the Q statistic (35), to determine
whether to use the fixed- or random-effects model for calculating the summary
ORs. Fixed-effects methods were used if the result of the Q-test was not
significant. Otherwise, we calculated pooled estimates and confidence intervals
(CIs) assuming a random-effects model with inverse-variance weighting, using
the DerSimonian and Laird method (35). The proportion of total variability
attributed to between-study heterogeneity, the I2 statistic, and its corresponding
95% CI (uncertainty) were also calculated (36,37). This statistic is useful when
deciding whether there is too much heterogeneity to combine the studies and
derive a pooled estimate. Although publication bias was not expected, we
assessed this possibility using Begg funnel plots and Egger’s bias test (38).

Results

Individual data from 1715 prostate cancer cases and 2363 controls of
African descent were available, 467 cases from the USA, 1168 from
the Caribbean Islands and 80 from West Africa (Table I). The source
of DNA was peripheral blood in 9 of 10 distinct studies; one used
DNA from prostate cancer tissue blocks.

The frequency of the GSTM1 homozygous deletion in the controls
varied from 13 to 31.7%; the homozygous deletion of GSTT1 ranged
from 22 to 40% (Table I). Mean age of the cases was 65.2 ± 8.7 years, of
the controls 57.8 ± 10.1 years (P , 0.0001). For studies that provided
prostate specific antigen levels (717 cases, 1343 controls), the mean
value among cases was 118.2 ng/ll ± 548.6 SD (median: 9 ng/ll); for
controls, it was 1.7 ng/ll ± 5.1 SD (median: 1.0 ng/ll; P , 0.0001; data
not shown).

GSTM1 deletion and prostate cancer

Data on GSTM1 were available for 1308 cases and 1852 controls;
there was an inverse association between GSTM1 deletion and pros-
tate cancer in men of African ancestry overall (OR: 0.90; 95% CI:
0.83–0.97); such a reduced risk was observed in Caribbean and in
African men but not in African-Americans (Table I). No significant
heterogeneity across studies was observed in the analyses.

The analysis according to smoking status shows a significant in-
verse association between GSTM1 deletion and prostate cancer
among never-smokers, with no statistical interaction between the ge-
notype and ethnicity (OR: 0.87; 95% CI: 0.77–0.97); this result was
even more evident among African-American men (adjusted OR: 0.66;
95% CI: 0.46–0.95), where a statistically significant positive associ-
ation between GSTM1 deletion and prostate cancer among ever smok-
ers was also observed (adjusted OR: 1.28; 95% CI: 1.01–1.56). There
was statistical interaction between genotype and ethnicity among ever
smokers (P 5 0.05). These associations were not present in Caribbean
or African subjects, where smoking seems not to influence the asso-
ciation between GSTM1 deletion and prostate cancer.
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The analysis according to smoking dose (Table II) suggests that the
association between GSTM1 deletion and prostate cancer does not
significantly change across levels of pack-years of cigarette consump-
tion. When the association between prostate cancer and pack-years of
cigarettes smoked was stratified according to GSTM1 deletion (Figure
1a), the risk of prostate cancer increased across quartiles of pack-years
among subjects with the deletion of GSTM1; however, this result was
not observed among subjects carrying a functional GSTM1. The result
was stronger in African-American men: compared with never-smok-
ers, the risk of prostate cancer was 1.21 among men with GSTM1
deletion who smoked up to 10 pack-years, was 2.63 for smokers of
10–24 pack-years and 3.33 in men smoking over 25 pack-years. These
results were not observed in Caribbean men (Figure 1b).

When the data were stratified by grade, there was no substantial
difference in the association between prostate cancer and GSTM1
deletion between cases with a Gleason score ,7 and cases with a score
�7 (OR: 0.96, 95% CI: 0.86–1.09 and OR: 0.96, 95% CI: 0.82–1.12,
respectively).

GSTT1 deletion and prostate cancer

GSTT1 was tested in 1609 cases and 1761 controls; GSTT1 deletion was
significantly inversely associated with prostate cancer in men of African
ancestry, overall and among Caribbean and African men (Table I) but
not in African-American men. Statistical heterogeneity among studies
was observed overall and in the stratified analyses according to ethnic-
ity. The effect of GSTT1 deletion was equally observed in both smokers
and non-smokers overall. No statistical interaction between genotype
and ethnicity was observed. Among smokers, no dose–response was
observed across pack-years of cigarette smoked (Table II). When the
data were stratified by both ethnicity and smoking status, the significant
reduction in risk associated with GSTT1 deletion and prostate cancer
was restricted to never-smoker Caribbean men, although the CIs were
very similar to those observed in smokers.

When the data were stratified by grade, the inverse association be-
tween prostate cancer and GSTT1 deletion was restricted to cases with
a Gleason score ,7 (OR: 0.87, 95% CI: 0.77–0.98) and not observed

among cases with a score �7 (OR: 0.98, 95% CI: 0.83–1.14). The
estimates however are very similar and the CIs partially overlapping.

The analysis of the combined GSTM1 and GSTT1 deletion suggests
that GSTM1 deletion is the main genotype responsible for the ob-
served reduction in prostate cancer risk (data not shown).

Discussion

This study reports for the first time a significant inverse association
between GSTM1 and GSTT1 homozygous deletions and prostate cancer
in men of African descent. The literature on genetic susceptibility to
prostate cancer in men of African descent is limited. Two meta-analyses
including white and Asian men (39,40) suggest that GSTM1 deletion is
associated with increased risk of prostate cancer; however, the limited
number of individual studies conducted in men of African ancestry
seem to indicate an association in the opposite direction (28) or no
association (29,32) in this ethnic group. This large multi-institutional
study confirms the inverse association for GSTM1 deletion and in ad-
dition indicates a reduced risk of prostate cancer associated with GSTT1
deletion. This result points to a role of functional GSTM1 and GSTT1 in
activating compounds that could act as prostate carcinogens, thus sug-
gests a paradoxical inverse effect of the loss of GST function on prostate
cancer risk. Such compounds could derive from exposures to endoge-
nous hormones or exogenous toxins (for example alogenate compounds
or diet) that are specific to certain geographic areas.

Another unique result of this analysis is the finding of an associa-
tion between GSTM1 deletion and prostate cancer in African-

American men who smoke but not in Caribbean or African smokers.

Prostate cancer risk increases with increasing pack-years of smoke in

a dose-dependent fashion in African-American men homozygous for

the GSTM1 deletion in comparison with men with a functional

GSTM1, although some of the CIs were very wide probably because

of the small number of subjects in some of the categories. This effect

however was not observed in groups from the Caribbean and Africa.

A possible gene–environment interaction between the GSTs and

Table I. Description of populations included in the analysis

Control source Study site Cases Controls GSTM1 GSTT1

% Null in controls OR (95% CI) % Null in controls OR (95% CI)

African-American
Rebbeck (30,31) Clinic PA 41 123 28.5 0.73 (0.46–1.15) 40.5 0.74 (0.49–1.11)
Lavender (32)a Clinic DC 188 637 30.3 1.02 (0.81–1.28) 22.0 1.21 (0.93–1.57)
Parka Clinic FL 61 61 13.3 1.52 (0.95–2.43) –– ––
Taioli Healthy volunteers NY 30 32 21.9 0.95 (0.51–1.74) –– ––
Agalliu (29)a Healthy WA 147 84 31.7 0.84 (0.47–1.50) 27.4 0.74 (0.40–1.37)

OR (95 % CI)b 467 937 1.0 (0.85 –1.19)c 1.01 (0.78–1.24)d

Caribbean
Bunkera Healthy Tobago 277 449 25.6 0.91 (0.76–1.08) 30.3 0.97 (0.82–1.14)
Jacksona Clinic Jamaica 128 145 26.2 1.07 (0.82–1.40) 35.2 0.95 (0.74–1.22)
Mallick (28)a Clinic Guadeloupe 134 134 26.9 0.65 (0.37–1.16) 36.6 0.50 (0.29–0.86)
Romanaa Population Guadeloupe 629 622 31.7 0.85 (0.76–0.95) 30.9 0.82 (0.73–0.92)

OR (95 % CI)b 1168 1350 0.88 (0.81–0.96)e 0.86 (0.79–0.94)f

Africa
Lavender (32)a Clinic USA 14 21 25.0 0.74 (0.30–1.83) 25.0 0.55 (0.17–1.72)
Ukoli Healthy Nigeria 66 55 23.6 0.71 (0.45–1.14) 40.0 0.93 (0.64–1.34)

OR (95 % CI)b 80 76 0.72 (0.47–1.08) 0.89 (0.62–1.26)
Totalb 1715 2363 0.90 (0.83–0.97)g 0.88 (0.82–0.96)h

aDNA extracted from peripheral blood.
bAdjusted for study, age (quartiles) and smoking(ever/never); meta ORs from fixed models are reported.
cQ-test P-value: 0.261; I2 (%): 24% (0.0–69.0); Eggers-Test P-value: 0.828
dQ-test P-value: 0.081; I2 (%): 60% (0.0–89.0); Eggers-Test P-value: 0.330.
eQ-test P-value: 0.303; I2 (%): 18% (0.0–87.0); Eggers-Test P-value: 0.828.
fQ-test P-value: 0.068; I2 (%): 58% (0.0–86.0); Eggers-Test P-value: 0.683.
gQ-test P-value: 0.294; I2 (%): 16% (0.0–56.0); Eggers-Test P-value: 0.883.
hQ-test P-value: 0.066; I2 (%): 45% (0.0–75.0); Eggers-Test P-value: 0.593.
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smoking habits has been suggested by studies conducted in White

prostate cancer cases (21,29) but has not been explored in men of

African ancestry. Cigarette smoking contains many substrates for

GSTM1; therefore, it is expected that a loss of GSTM1 function will

affect the accumulation of genotoxic compounds from tobacco

smoke. This assumption is further supported by the observation that

GSTM1 deletion is associated with an increase in benzo(a)-pyrene

DNA adducts from tobacco smoke (11).
The observed difference in the association with ethnicity may point

to differences in lifetime exposure to other carcinogens that saturate
the GST system, which therefore becomes less available for tobacco
metabolism. Other possible explanations are the lower smoking dose
to which Caribbean and African men are exposed in comparison with
African-American men. In fact, in our study, the average pack-years
of smoking in the latter group was 27.2 in comparison with 17.4 in
Caribbean men. Such differences make some of the categories of the
subgroup analysis very small, thus with limited statistical power. In
addition, the composition of cigarettes is probably to vary across
geographic areas. Furthermore, it is possible that other risk factors,
such as chronic prostate viral infection (41), may be implicated in
prostate cancer risk in the Caribbean men, whereas such factors may
be less relevant in African-American men, where smoking may have
a more predominant role. It is also possible that some of the differ-
ences observed across ethnicities reflect differences in clinical

characteristics of the cases, which may constitute a mix of different
disease aggressiveness features; although our data do not seem to
suggest a difference in the association between GSTs and prostate
cancer according to the Gleason score, the possibility of case mixing
cannot be completely ruled out since information on tumor stage is
lacking for most of the patients. In addition, several of the countries
where the data were collected do not offer formal prostate cancer
screenings; therefore, the chances of later diagnoses is very high in
comparison with the USA. Prostate specific antigen values are highly
correlated with the Gleason score in our data, underlying the fact that
prostate specific antigen is used as confirmatory clinical test rather
than as a periodic screening test in most of the cases.

Despite the large sample size, the study had several limitations: the
number of African-American and African cases is still too limited for
more detailed analyses of gene–environment interaction across dif-
ferent doses of tobacco smoke; information on other exposures that
could be relevant for prostate cancer in addition to tobacco smoke are
not available in this population; the lack of ability to rule out con-
founding for the smoking analysis, or to adjust for other risk factors
due to the limited number of standardized, comparable variables
available across the various data sets is a limitation that could not
be overcome and that could have biased the results in an unpredictable
direction. Information on genetic admixture within the more general
category of African ancestry origin is also not available. The large
variability in the frequency of both GSTM1 and GSTT1 deletion sug-
gests a high degree of admixture of the population under study. How
genetic admixture could have influenced the results is hard to predict
from the information available in the present study. It can be hypoth-
esized, for example, that the higher degree of genetic admixture

Table II. Association of GSTM1, GSTT1 deletion and prostate cancer in
populations of African descent according to smoking habits

Controls (N) Cases (N) Adjusted ORa

(95% CI)

GSTM1 (null
versus present)

Never-smokersb 920 785 0.87 (0.77–0.97)
Ever smokersc 817 769 1.03 (0.91–1.15)
Pack � years
�4.7 137 114 0.86 (0.63–1.18)
4.8–10 142 93 1.19 (0.87–1.87)
10–24 128 148 1.19 (0.89–1.58)
.24 132 166 1.02 (0.78–1.34)

African-American
Never-smokers 95 90 0.66 (0.46–0.95)
Ever smokers 223 243 1.28 (1.01–1.56)

Caribbean
Never-smokers 786 668 0.89 (0.79–1.01)
Ever smokers 960 498 0.94 (0.81–1.09)

African
Never-smokers 33 21 0.56 (0.24–1.31)
Ever smokers 27 23 0.50 (0.14–1.86)

GSTT1 (null versus present)
Never- Smokersd 887 744 0.84 (0.75–0.94)
Ever smokerse 810 764 0.91 (0.80–1.02)
Pack � years
�4.7 130 113 0.99 (0.74–1.33)
4.8–10 132 87 0.89 (0.64–1.24)
10–24 109 137 0.77 (0.56–1.05)
.24 104 135 1.30 (0.94–1.79)

African-American
Never-smokers 68 56 0.99 (0.61–1.60)
Ever smokers 159 181 0.83 (0.65–1.05)

Caribbean
Never-smokers 786 668 0.84 (0.77–0.95)
Ever smokers 556 498 0.93 (0.81–1.07)

African
Never-smokers 33 19 0.58 (0.26–1.33)
Ever smokers 27 23 0.77 (0.36–1.65)

aAdjusted for study and age (quartiles).
bInteraction GSTM1 � ethnicity: P 5 0.38.
cInteraction GSTM1 � ethnicity: P 5 0.05.
dInteraction GSTT1 � ethnicity: P 5 0.79.
eInteraction GSTT1 � ethnicity: P 5 0.38.

Fig. 1. Association prostate cancer and smoking dose according to GSTM1
status, overall (a) and according to place of origin (b).
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present in African-American in comparison with Caribbean men
could have introduced some genetic predisposition to prostate cancer
that could be transmitted, by chance, along with the GSTM1 deletion,
thus confounding the association with prostate cancer. The African
population is pivotal for elucidating this possibility but unfortunately
is not represented in a sufficiently large number in the present study.

The polymerase chain reaction method used by the studies included
here cannot distinguish between subjects with two GSTM1 functional
alleles versus those who carry only one functional allele. Although
only the complete deletion of the gene causes loss of function, it has
been suggested that the presence of one functional allele may induce
modest but relevant changes of function that should be considered in
association studies (42).

In conclusion, this large multi-institutional effort reports an inverse
association for both GSTM1 and GSTT1 deletions in relation to prostate
cancer risk in men of African descent and suggests that smoking may
have a role in prostate cancer risk in African-American men who carry
certain gene susceptibility variants involved in tobacco metabolism;
Caribbean and African men are exposed to lower doses of tobacco
smoke, where the activity of GSTs may be less relevant; they may also
be exposed to other exogenous and/or endogenous carcinogens that
activate different genetic metabolic pathways. Information on such ex-
posures was not collected and analyzed in the present study but deserves
attention in future research efforts. Chronic inflammation, hormone lev-
els, bacterial and viral infections and environmental chemicals (43) are
some areas to concentrate future studies of gene–environment interaction
in the etiology of prostate cancer in populations of African ancestry.
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